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increase was largely abolished when conserved ets binding sites in the
promoter were mutated.
3) The GDF5-Cre, ﬂoxed Erg mouse did not exhibit major developmental
abnormalities and appeared normal in size. Interestingly, however, the
mice exhibited signs of osteoarthritis (OA) with aging compared to age-
matched controls.
4) The conditional Erg deﬁcient mice developed severe OA at 4 week
after surgery while articular cartilage of Cre negative control littermate
exhibits slight or no sign of degeneration. Moreover, the conditional Erg
deﬁcient with PTHrp +/− background developed OA signiﬁcantly sooner
than that of Erg deﬁcient littermates.
Conclusions
In conclusion, these data suggest that ERG is required for the
maintenance and/or repair of permanent articular cartilage and its action
is at least partly mediated by PTHrp.
73
SYNOVIAL OVEREXPRESSION OF WNTS AND WISP1 LEADS TO
OA-LIKE CARTILAGE DAMAGE AND CHONDROCYTE PHENOTYPE
CHANGE BY SKEWED TGF-BETA SIGNALING
M.H. van den Bosch, A.B. Blom, P.L. van Lent, H.M. van Beuningen,
F.A. van de Loo, E.N. Blaney Davidson, P.M. van der Kraan, W.B. van den
Berg. Radboud Univ. Nijmegen Med. Ctr., Nijmegen, Netherlands
Purpose: Although many osteoarthritis (OA) patients show signiﬁcant
synovial involvement, consequences are largely unknown. We found
strong up-regulation of canonical Wnts 2b and 16 and Wnt-1 induced
signaling protein 1 (WISP1), a downstream protein, in knee joints in two
experimental murine OA models. Wnt signaling has been implicated in
OA incidence and modulation of the b-catenin pathway leads to OA-like
changes in cartilage. In addition, TGF-b signaling is critical in cartilage
maintenance. TGF-b signals via both ALK5 and ALK1 and downstream
via Smad 2/3 and Smad 1/5/8 respectively. In the present study we
investigated the potency of canonical Wnts, produced in the synovium, to
induce OA pathology and whether canonical Wnts skew TGF-b signaling
from the protective Smad 2/3 pathway towards the Smad 1/5/8 pathway,
which can induce chondrocyte hypertrophy.
Methods: Western blot analysis was done to detect phosphorylation of
Smad 2/3 and Smad 1/5/8. In vivo synovial overexpression of genes
from the canonical Wnt signaling pathway was achieved by intra-
articular injection of adenoviral vectors. Joint pathology was assessed
by histology at several time points after injection. Gene expression was
analyzed by qPCR after overexpression of Wnt genes in isolated human
chondrocytes.
Results: To determine if synovial overexpression of canonical Wnts
leads to cartilage damage, adenoviral vectors for Wnts 8a and 16 were
injected in murine knee joints. These adenoviral vectors are too large
to penetrate cartilage, and therefore speciﬁcally target synovial cells. At
day 7 after overexpression a highly signiﬁcant induction of OA pathology
was found at the medial margin of the medial tibial plateau, where
the ﬁrst damage is often found in our OA models. The incidence was
92% (n =12) for Wnt8a overexpression compared to 17% (N=12) for the
control virus and 80% (N=5) for Wnt16 overexpression, but only 20%
(N=5) for the control virus. In addition, overexpression of Wnt16 led
to signiﬁcantly increased synovial cellularity, mainly macrophages, and
cartilage pathology on the lateral side of the femoral-tibial joint. Because
of their relatively small size, Wnts and WISP1 proteins can migrate to the
cartilage and possibly alter chondrocyte phenotype. Synovial Wnt8a and
Wnt16 overexpression led to b-catenin accumulation in chondrocytes,
a tell-tale sign of canonical Wnt signaling, indicating diffusion of Wnts
to the cartilage. Moreover, overexpression of canonical Wnts and WISP1
in human chondrocytes led to a signiﬁcant increase of collagen type
I and a signiﬁcant decrease in type II collagen expression, suggesting
a loss of chondrocyte phenotype. Pre-incubation with Wnt3a or WISP
alone or Wnt3a + WISP1 together resulted in decreased TGF-b-induced
phosphorylation of Smad 2/3, whereas phosphorylation of Smad 1/5/8
was increased. This implies a shift towards dominant TGF-b signaling via
the hypertrophy-inducing ALK1 pathway.
Conclusions: Canonical Wnts produced in the synovium may play an
important role in OA pathology by inducing b-catenin signaling in
the cartilage followed by cartilage damage. Synovial overexpression of
canonical Wnts, as is found in experimental OA, may lead to chondrocyte
phenotype changes, probably via modulation of the important TGF-b
signaling pathway. This underlines that synovial Wnt/WISP1 expression
may be a potential target for OA therapy.
74
ADAMTS-7 CONSTITUTES A POSITIVE FEEDBACK LOOP WITH TNFa
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Purpose: We previously reported that ADAMTS-7, a metalloproteinase
that belongs to the ADAMTS family, associated with and degraded
cartilage oligomeric matrix protein (COMP), and that its level was
signiﬁcantly elevated in arthritis (Liu, et al, FASEB J. 2006; 20(7):988–
999). In addition, subsequent ﬁndings also revealed a physiological,
developmental role for ADAMTS-7 in chondrogenesis in vitro (Bai, et
al, Mol. Cell. Biol. 2009; 29(15):4201–4219). The objective of this project
is to deﬁne the role of ADAMTS-7 in cartilage development and arthritis
in vivo.
Methods: Generation of Col2a1-TS-7 transgenic (Tg) mice overexpressing
ADAMTS-7 under the control of a well-characterized Col II promoter;
Radiographic and MicroCT analyses; Whole mount staining for the
skeleton; Histological analysis; Double labeling for new bone formation;
Surgically-induced OA models; Histopathologic and quantiﬁcation
evaluation of OA; Cartilage explant cultures; Real-time RT-PCR; Western
blot analysis; Luciferase assay.
Results: Newborn Col2a1-TS7 mice were signiﬁcantly smaller. X-ray
images revealed remarkable reductions of skeletal length and bone
volume in transgenic (Tg) mice. A double labeling assay indicated a
reduced new bone formation rate in Tg mice. Safranin O staining showed
that the Tg growth plate was only half the size of that in WT. Staining
of the whole body and forelimb skeleton with alcian blue and alizarin
red S revealed that Col2a1-TS7 mice had hypoplastic limb skeletons
and dramatically delayed endochondral bone formation compared with
control mice. However, Col2a1-TS7 mice reached normal size at about
6 weeks postpartum and no defects were observed in articular cartilage
and joints. Interestingly, 8-month old Col2a1-TS7 mice spontaneously
developed an osteoarthritis (OA)-like phenotype. A Micro-CT of the
hind knees showed osteophyte formation in aged Tg mice. Safranin
O staining demonstrated a remarkable loss of proteoglycan staining,
and meniscus ossiﬁcation in Tg mice. High power photographs revealed
clear chondrocyte clustering, and migration of the irregular tidemark to
the superﬁcial zone. To further determine the role of ADAMTS-7 in OA
development and progression, we established a surgically-induced OA
model by transecting MMTL (medial meniscotibial ligament) in Col2a1-
TS7 and control WT mice. Histological analyses were performed in mice
knee joints at 4, 8 and 12 weeks post-surgery. The operated knees of
Col2a1-TS7 mice showed moderate loss of Safranin O staining as early as
4 weeks after surgery, while the control mice joints showed minor loss
only after 8 weeks. Histological score grading indicated higher scores in
the operated Col2a1-TS7 knees, with a signiﬁcant reduction of cartilage
thickness and loss of proteoglycan. In addition, COMP degradative
fragments were increased in the post-operative Col2a1-TS7 mice. The
proinﬂammatory cytokine TNFa, known to activate ADAMTS-7 (Luan, et
al, Osteoarthritis & Cartilage, 2008 Nov;16(11):1413–1420), was induced
by ADAMTS-7 in vitro as well as in ADAMTS-7 Tg mice, demonstrating a
positive feedback loop of ADAMTS-7 and TNFa in OA.
Conclusions: Targeted overexpression of ADAMTS-7 in chondrocytes
results in defects in chondrogenesis in “young” mice and OA-
like phenotypes in “aged” mice, and overexpression of ADAMTS-7
also accelerates surgically-induced OA. ADAMTS-7 regulates OA
progression through a) degrading COMP and destabilizing the cartilage
matrix and b) inducing TNFa that in turn activates cartilage-
degrading metalloproteinases, including MMP-9, MMP-13, ADAMTS-4
and ADAMTS-5. These ﬁndings not only provide novel insights into
the role of ADAMTS-7 in cartilage and arthritis in vivo, but may also
lead to the development of novel therapeutic intervention strategies for
osteoarthritis.
